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ABSTRACT

b-Catenin is an ubiquitously expressed cytoplasmic protein that has a
crucial role in both cadherin-mediated cell-cell adhesion and as a down-
stream signaling molecule in the wingless/Wnt pathway. Activating mu-
tations in exon 3 of theb-catenin gene, at the phosphorylation sites for
ubiquitination and degradation of b-catenin, are present in a variety of
cancers. Because alterations of theadenomatous polyposis coli (APC)gene
are present in biliary tract cancers and the APC protein modulates levels
of b-catenin, we evaluated the role ofb-catenin in biliary tract cancer by
sequencing the third exon of theb-catenin gene among 107 biliary tract
cancers and 7 gallbladder adenomas from a population-based study in
China. Point mutations of serine or threonine phosphorylation sites in
exon 3 ofb-catenin were present in 8 of 107 (7.5%) biliary tract cancers
and 4 of 7 (57.1%) gallbladder adenomas. Mutations ofb-catenin were
more frequent in ampullary and gallbladder carcinomas than in bile duct
carcinomas (P 5 0.04) and in papillary adenocarcinomas than other
histological types of carcinomas (P 5 0.02). These results suggest that the
molecular pathways of biliary tract neoplasms vary by anatomical subsite
and histological subtype.

INTRODUCTION

Cancers of the extrahepatic biliary tract encompass tumors arising
from the gallbladder, extrahepatic bile ducts, and ampulla of Vater.
Although most biliary tract cancers are well to moderately differen-
tiated adenocarcinomas, patients generally have a poor prognosis
because of spread of tumor to adjacent organs at the time of diagnosis
and to the complications associated with surgical resections of the
pancreaticobiliary tract (1). Biliary tract cancer is relatively uncom-
mon in most parts of the world, although high-risk populations and
upward incidence trends have been reported in certain areas (2, 3).

b-Catenin is an intracellular protein that is an integral component of
the cadherin-mediated cell-cell adhesion and a downstream transcrip-
tional activator in a Wnt signal transduction pathway (4). The signal-
ing activity of b-catenin is mediated through its interaction with the
Tcf/Lef-12 family of transcription factors and subsequent activation of
target genes (5). Modulation of the level ofb-catenin protein is crucial
in the regulation of Tcf/b-catenin transcriptional activity, which in
turn is regulated through the ubiquitin/proteasome-mediated degrada-
tion of b-catenin (6, 7). Activating mutations in exon 3 of the
b-catenin gene, at the phosphorylation sites for ubiquitination and
degradation ofb-catenin, appear to be a crucial step in the progression
of a variety of cancers (8). It has been shown that theAPC gene
product regulates the cytoplasmic level ofb-catenin by direct binding
to b-catenin and promotes its NH2-terminal phosphorylation by
GSK-3b (9, 10). GSK-3b phosphorylates multiple serine and threo-
nine residues within the NH2-terminal of b-catenin. Phosphorylated

b-catenin is targeted for degradation by the proteasome system. Un-
phosphorylatedb-catenin can enter the cell nucleus together with
Tcf/Lef-1 and regulates transcription of target genes, including the
c-myc signaling pathway (11).

In colon cancer, both activatingAPC mutations and mutations of
the b-catenin gene may result in increased cytoplasmicb-catenin
levels with oncogenic activity (8, 12). The role ofb-catenin in biliary
tract cancer is unclear, but somatic mutations of theAPC gene and
loss of heterozygosity of chromosome 5q (the location ofAPCgene)
have been reported (13, 14), and ampullary cancers develop in pa-
tients with familial adenomatous polyposis (germ-line mutations of
the APC gene; Ref. 13).

In this study, we evaluated whetherb-cateninmutations are present
in sporadic biliary tract carcinomas. To this end, we sequenced exon
3 of theb-cateningene, which has GSK-3b phosphorylation sites, in
107 biliary tract cancers and 7 gallbladder adenomas collected
through a population-based study in Shanghai, China.

MATERIALS AND METHODS

Patient Population. Patients with primary biliary tract cancer (ICD-9 156)
newly diagnosed between 1997 and 1999 were identified through a rapid
reporting system established between the Shanghai Cancer Institute and 30
collaborating hospitals in urban Shanghai. This reporting system recruited
.95% of cases of biliary tract cancers in Shanghai. A total of 107 patients with
biliary tract cancers and 7 patients with gallbladder adenomas with severe
dysplasia were included in this analysis. These patients were identified as part
of a large, ongoing, multidisciplinary, population-based case-control study.
Eligibility criteria for case recruitment consisted of residents of urban Shang-
hai between 18 and 74 years of age diagnosed after April 1997 with gallblad-
der, extrahepatic bile duct, or ampullary carcinomas.

Tissue Specimens.Surgical pathology specimens were collected from pa-
tients with biliary tract cancers undergoing curative resection by pancreati-
coduodenectomy or bile duct resection or biopsy of an advanced tumor. As part
of the case-control study, 6 H&E-stained slides and 6 unstained slides (5mm
each) were routinely collected from the surgical pathology departments of the
participating hospitals. In addition, a structured questionnaire was used to elicit
information on demographic, clinical, and epidemiological variables. The
anatomical location of the tumor was recorded in a diagram completed by the
local pathologist at the participating hospital. The slides were reviewed by two
pathologists from Shanghai and were independently reviewed by one of us
(A. R.). The tumors were classified according to the WHO classification of
tumors of the biliary tract (15). Medical records were abstracted for all cancer
cases. Patients’ follow-up was obtained by Shanghai Cancer Institute from the
date of diagnosis to May 2000.

DNA Preparation. Genomic DNA was extracted from tumor tissue by
microdissection from three H&E-stained slides without a coverslip and pre-
pared as described in previous studies (16).

PCR and Sequencing ofb-Catenin. A 200-bp fragment of exon 3 of
b-catenin, encompassing the region of the GSK-3b phosphorylation site, was
amplified by PCR as described previously (17). PCR reaction was performed
in a 50-ml volume using PCR Master (Boehringer Mannheim, Mannheim,
Germany) and 1mM of primers (59-ATGGAACCAGACAGAAAAGC-39 and
59-GCTACTTGTTCTGAGTGAAG-39), with initial denaturation at 95°C for
5 min; 40 cycles at 94°C for 1 min, 58°C for 1 min, and 72°C for 2 min; and
a final extension cycle at 72°C for 10 min (17). The PCR products were treated
with shrimp alkaline phosphatase and exonuclease I (Amersham, Buckingham-

Received 1/23/01; accepted 2/19/01.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby markedadvertisementin accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 To whom requests for reprints should be addressed, at Department of Pathology,
M. D. Anderson Cancer Center, 1515 Holcombe Boulevard, Box 85, Houston, TX
77030-4095. Phone: (713) 745-1101; Fax: (713) 792-5531.

2 The abbreviations used are: Tcf, T-cell factor; Lef-1, lymphoid-enhancing factor 1;
APC, adenomatous polyposis coli; GSK, glycogen synthase kinase.

3406



shire, United Kingdom) and sequenced using the BigDye Terminator Cycle
Sequencing Ready Reaction kit (Perkin-Elmer, Foster City, CA) with internal
primers (59-AAAGCGGCTGTTAGTCACTGG-39 and 59-GACTTGGGAGG-
TATCCACACATCC). The sequence reactions were run on an Applied Bio-
systems 3700 Genetic Analyzer (Perkin-Elmer, Foster City, CA). The data
were collected and analyzed using Applied Biosystems sequencing analysis
software, according to the manufacturer’s protocols. Each mutation was ver-
ified in both directions using the internal primers.

Statistical Analysis. x2 or Fisher’s exact tests were performed for com-
parison of frequency of each clinical or pathological characteristic.t test was
used for comparison of means.

RESULTS

Point mutations of theb-catenin gene were present in 8 of 107
(7.5%) invasive biliary tract cancers and 4 of 7 (57.1%) gallbladder
adenomas with dysplasia (Fig. 1 and Table 1). All were missense
mutations that affected highly conserved serine or threonine important
for GSK-3b phosphorylation (Table 1). All four adenomas had mis-
sense mutations with replacement of threonine or serine at positions
41 and 45 with isoleucine or phenylalanine. In contrast, point muta-

tions in invasive carcinomas involved replacement of serine or thre-
onine at positions 33, 37, 41, or 45 with cysteine, phenylalanine,
alanine, or isoleucine. All four adenomas and three carcinomas had
C:G3T:A transition, three carcinomas had C:G3G:C transversion,
and two carcinomas had A:T3G:C transition.

The prevalence ofb-cateninmutations in invasive cancers varied
by anatomical subsite and histological subtype. As shown in Table 2,
mutations were present in 2 of 14 (14.3%) ampullary cancers and 6 of
66 (9.1%) gallbladder cancers but in none of 27 bile duct cancers
(P 5 0.04, bile ductversusgallbladder cancers). In addition, muta-
tions occurred in 5 of 24 (20.8%) papillary adenocarcinomas but only
in 3 of 68 (4.4%) gland-forming adenocarcinomas not otherwise
specified and in 0 of 15 other histological subtypes (P 5 0.02). The
b-cateninmutations found in papillary adenocarcinomas were limited
to the gallbladder and were not seen in two papillary carcinomas of
the bile duct and ampulla.

Patients whose invasive carcinoma involved ab-cateninmutation
had an earlier stage at diagnosis compared with those without muta-
tions (P 5 0.0007; Table 2). They also had a better prognosis than
those whose cancer lacked mutations. Six of 36 patients (16.1%) alive
at the end of the follow-up had cancers withb-catenin mutations,
whereas 2 of 64 (3.1%) patients who died had mutations (P 5 0.02).
Mean survival time was 21.36 9.9 months for patients with invasive
carcinomas withb-cateninmutationsversus11.8 6 8.5 months for
those without mutations. In the subgroup of patients with papillary
adenocarcinomas, there was little variation in stage or prognosis by
b-catenin mutation status; 16 of 19 (84.2%) without mutation had
stage I or II disease at presentation, 13 of 19 (68.4%) were alive at the
end of follow-up, and the mean survival was 14.06 7.7 months. In
comparison, all six patients with gallbladder adenomas at follow-up
were alive after cholecystectomy, irrespective ofb-cateninmutation
status.

DISCUSSION

In this study, we foundb-cateninmutations in 14.3% of ampullary
cancers, 9.1% of gallbladder cancers, and 57.1% of gallbladder ade-
nomas with severe dysplasia (carcinomain situ). All mutations pres-
ent in gallbladder adenomas and invasive carcinomas were missense
mutations involving highly conserved serine or threonineGSK-3b
phosphorylation sites important forb-catenindegradation. The serine
or threonine phosphorylation sites are important forb-cateninubiq-
uitination and degradation, and mutations at these sites could lead to
b-cateninaccumulation and transduction of oncogenic signals (8, 10,
11). Missense mutations in the serine or threonine residues of the
b-cateningene, which are phosphorylated byGSK-3b, are also pres-
ent in a wide variety of other tumors (8).

Fig. 1. Nucleotide sequencing of exon 3 of theb-catenin gene in biliary tract
carcinomas. The mutations at codons 41, 45, and 33 are indicated byarrows( carcinomas
nos. 4–6, Table 1). The wild-type and mutated nucleotide and amino acid sequences are
shown ontop.

Table 1 b-catenin mutations in gallbladder adenomas and biliary tract carcinomas

No. Site Histological type Codon Mutation Amino acid change

Biliary tract carcinomas
1. Gallbladder Papillary adenocarcinoma 37 TCT3TGT Ser3Cys
2. Gallbladder Papillary adenocarcinoma 37 TCT3TGT Ser3Cys
3. Gallbladder Papillary adenocarcinoma 41 ACC3GCC Thr3Ala
4. Gallbladder Papillary adenocarcinoma 41 ACC3ATC Thr3Ile
5. Gallbladder Papillary adenocarcinoma 45 TCT3TTC Ser3Phe
6. Gallbladder Adenocarcinoma, NOSa 33 TCT3TGT Ser3Cys
7. Ampulla Adenocarcinoma, NOS 41 ACC3GCC Thr3Ala
8. Ampulla Adenocarcinoma, NOS 45 TCT3TTC Ser3Phe

Gallbladder adenomas
9. Gallbladder Adenoma with severe dysplasia 41 ACC3ATC Thr3Ile

10. Gallbladder Adenoma with severe dysplasia 41 ACC3ATC Thr3Ile
11. Gallbladder Adenoma with severe dysplasia 45 TCT3TTT Ser3Phe
12. Gallbladder Adenoma with severe dysplasia 45 TCT3TTT Ser3Phe

a NOS, not otherwise specified.
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It has been reported thatb-cateninmutations are more common in
carcinomas of certain histological subtypes, such as endometroid
adenocarcinomas of the ovary (17). In our study,b-cateninmutations
were more frequent in papillary carcinomas of the gallbladder than in
carcinomas of other histological subtypes of the biliary tract. Loss of
5q, the chromosomal location of theAPC gene, has been reported in
ampullary and extrahepatic bile duct cancers, butAPCgene mutations
have been observed only in ampullary carcinomas (4, 5). Thus, it
appears that mutations of theAPCor b-cateningenes are present in a
majority of ampullary cancers and a few gallbladder cancers but do
not occur in bile duct cancers, suggesting that alterations of the
APC/b-catenin pathway are subsite specific.

b-cateninmutations are more frequent in early-stage carcinomas of
the uterine endometrium (18). Similarly, in our study patients with
invasive carcinomas of the biliary tract andb-cateninmutations had
more favorable survival than those withoutb-catenin mutations,
partly attributable to an earlier stage at presentation among patients
with mutations and to a better prognosis associated with papillary
adenocarcinomas of the gallbladder (19).

In our study, b-catenin mutations were also present in 4 of 7
gallbladder adenomas with severe dysplasia. The role of gallbladder
adenomas in the pathogenesis of carcinoma is uncertain (20, 21).
Some have argued that adenomas are precursors to invasive carcino-
mas of gallbladder, because adenoma remnants are occasionally re-
ported with invasive carcinomas (20). Others have suggested that the
vast majority of invasive gallbladder carcinomas evolve from flat
dysplasia that are difficult to detect clinically (21). Most gallbladder
adenomas have K-ras mutations, but they lackp53 mutations or loss
of heterozygosity involving chromosomes 5q, 9p, 13q, 17p, or 18q,
which often occur with invasive gallbladder carcinomas (21). Fre-
quent presence of flat dysplasia in patients with gallstones (a risk
factor for biliary tract cancer), histopathological evidence of progres-
sion from dysplasia to carcinoma (22), and similar molecular abnor-
malities in flat dysplasia and invasive carcinoma suggest that dyspla-
sia is the precursor of most invasive gallbladder carcinomas (20, 21).

Because K-ras andb-cateninmutations are rarely present in invasive
carcinomas, it seems likely that gallbladder adenomas only rarely
progress to invasive cancer, although pathogenic mechanisms for
adenomas and papillary carcinomas of the gallbladder may be similar.

In summary, our study showed thatb-cateninmutations are present
in ampullary adenocarcinomas and in papillary adenocarcinomas and
adenomas of the gallbladder but not in bile duct carcinomas. These
findings suggest that the molecular mechanisms involving biliary tract
neoplasms vary by anatomical subsite and histological subtype.

ACKNOWLEDGMENTS

We thank Jiarong Cheng, Lu Sun, and the staff at the Shanghai Cancer
Institute for data collection, specimen collection, and processing; surgeons at
the collaborating hospitals for data collection; local pathologists for pathology
review; Kathy Hurt-Mullen, Sara Glashofer, John Heinrich, Linda Lannom,
Nancy Odaka, Shelley Niwa, and Lisa McFarland of Westat for study man-
agement, data preparation and management; and Janis Koci for management of
biological samples.

REFERENCES

1. Carriaga, M. T., and Henson, D. E. Liver, gallbladder, extrahepatic bile ducts, and
pancreas. Cancer (Phila.),75: 171–190, 1995.

2. Fraumeni, J. F., Jr., Devesa, S. S., McLaughlin, J. K., and Stanford, J. L. Biliary tract
cancer.In: D. Schottenfeld and J. F. Fraumeni, Jr. (eds)., Cancer Epidemiology and
Prevention (Ed. 2), pp. 794–805. New York: Oxford Press, 1996.

3. Hsing, A. W., Gao, Y-T., Devesa, S. S., Jin, F., and Fraumeni, J. F., Jr. Rising
incidence of biliary tract cancer in Shanghai, China, 1972–1992. Int. J. Cancer,73:
368–370, 1998.

4. Barth, A. I., Nahke, I. S., and Nelson, W. J. Cadherins, catenins, and APC protein:
interplay between cytoskeletal complexes and signaling pathways. Curr. Opin. Cell
Biol., 9: 683–690, 1997.

5. Behrens, J., von Kries, J. P., Kuhl, M., Bruhn, L., Wedlich, D., Grosschedl, R., and
Birchmeier, W. Functional interaction ofb-catenin with the transcription factor
LEF-1. Nature (Lond.),382: 638–642, 1996.

6. Aberle, H., Bauer, A., Stappert, J., Kispert, A., and Kemler, R.b-catenin is a target
for the ubiquitin-proteasome pathway. EMBO J.,16: 3797–3804, 1997.

7. Orford, K., Crockett, C., Jensen, J. P., Weissman, A. M., and Byers, S. W. Serine
phosphorylation-regulated ubiquitination and degradation ofb-catenin. J. Biol.
Chem.,272: 24735–24738, 1997.

Table 2 b-catenin mutation status in invasive biliary tract carcinomas compared with patient demographics and tumor characteristics

Total
No. (%)

b-cateninmutations

P
Absent
No. (%)

Present
No. (%)

Age 6 SD (yr) 64.66 8.9 64.26 9.2 68.06 5.9 NSa

Gender
Female 64 (100.0) 57 (89.1) 7 (10.9) NS
Male 43 (100.0) 42 (97.7) 1 (2.3)

Tumor site
Gallbladder 66 (100.0) 60 (90.9) 6 (9.1) 0.04b

Bile duct 27 (100.0) 27 (100.0) 0 (0.0)
Ampulla 14 (100.0) 12 (85.7) 2 (14.3)

Histological type
Papillary adenocarcinoma 24 (100.0) 19 (79.2) 5 (20.8) 0.02
Adenocarcinoma, NOSc 68 (100.0) 65 (95.6) 3 (4.4)
Other histological typesd 15 (100.0) 15 (100.0) 0 (0.0)

Stage
I 18 (100.0) 12 (66.6) 6 (33.3) 0.0007
II 33 (100.0) 32 (97.0) 1 (3.0)
III 19 (100.0) 18 (94.7) 1 (5.3)
IV 35 (100.0) 35 (100.0) 0 (0.0)
Unknown 2 (100.0) 2 (100.0) 0 (0.0)

Vital status
Alive 36 (100.0) 30 (83.3) 6 (16.6) 0.02
Dead 64 (100.0) 62 (96.9) 2 (3.1)
Unknown 7 (100.0) 7 (100.0) 0 (0.0)

Mean follow-up6 SD (mo) 12.66 8.9 11.86 8.5 21.36 9.9 NAe

a NS, not significant.
b Gallbladder carcinomasversusbile duct carcinomas.
c NOS, not otherwise specified.
d Includes 1 intestinal adenocarcinoma, 4 mucinous adenocarcinomas, 4 adenosquamous carcinomas, 1 squamous carcinoma, 3 small cell carcinomas, 1 undifferentiated carcinoma,

and 1 carcinosarcoma.
e NA, not applicable.

3408

b-CATENIN AND BILIARY TRACT CANCER



8. Morin, P. J.b-catenin signaling and cancer. Bioessays,21: 1021–1030, 1999.
9. Rubinfeld, B., Souza, B., Albert, I., Muller, O., Chamberlain, S. H., Masiarz, F. R.,

Munemitsu, S., and Polakis, P. Association of the APC gene product withb-catenin.
Science (Washington DC),262: 1731–1734, 1993.

10. Munemitsu, S., Albert, I., Souza, B., Rubinfeld, B., and Polakis, P. Regulation of
intracellularb-catenin levels by the adenomatous polyposis coli (APC) tumor sup-
pressor protein. Proc. Natl. Acad. Sci. USA,92: 3046–3050, 1995.

11. Korinek, V., Barker, N., Morin, P. J., van Wichen, D., de Weger, R., Kinzler, K. W.,
Vogelstein, B., and Clevers, H. Constitutive transcriptional activation by ab-catenin-
Tcf complex in APC2/2 colon carcinoma. Science (Washington DC),275: 1784–
1787, 1997.

12. Morin, P. J., Sparks, A. B., Korinek, V., Barker, N., Clevers, H., Vogelstein, B., and
Kinzler, K. W. Activation ofb-catenin-Tcf signaling in colon cancer by mutations in
b-catenin or APC. Science (Washington DC),275: 1787–1790, 1997.

13. Achille, A., Scupoli, M. T., Magalini, A. R., Zamboni, G., Romanelli, M. G.,
Orlandini, S., Biasi, M. O., Lemoine, N. R., Accolla, R. S., and Scarpa, A. APC gene
mutations and allelic losses in sporadic ampullary tumors: evidence of genetic
difference from tumors from tumors associated with familial adenomatous polyposis.
Int. J. Cancer,68: 305–312, 1996.

14. Suto, T., Habano, W., Sugai, T., Uesugi, N., Funato, O., Kanno, S., Saito, K., and
Nakamura, S. Aberrations of the K-ras, p53,andAPCgenes in extrahepatic bile duct
cancer. J. Surg. Oncol.,73: 158–163, 2000.

15. Albores-Saavedra, J., Henson, D. E., and Sobin, H. (eds.). In: WHO Histological
Typing of Tumors of the Gallbladder and Extrahepatic Bile Ducts, pp. 1–75. Berlin:
Springer-Verlag, 1991.

16. Moskaluk, C. A., and Kern, S. E. Microdissection and polymerase chain reaction
amplification of genomic DNA from histological tissue sections. Am. J. Pathol.,150:
1547–1552, 1997.

17. Palacios, J., and Gamallo, C. Mutations in theb-catenin gene (CTNNB1) in endo-
metrioid ovarian carcinomas. Cancer Res.,58: 1344–1347, 1998.

18. Fukuchi, T., Sakamoto, M., Tsuda, H., Maruyama, K., Nozawa, S., and Hirohashi, S.
b-catenin mutation in carcinoma of the uterine endometrium. Cancer Res.,58:
3526–3528, 1998.

19. Henson, D. E., Albores-Saaedra, J., and Corle, D. Carcinoma of the gallbladder:
histological types, stage of disease, grade, and survival rates. Cancer (Phila.),70:
1493–1497, 1992.

20. Albores-Saavedra, J., Vardaman, C. J., and Vuitch, F. Non-neoplastic polypoid
lesions and adenomas of the gallbladder. Pathol. Annu.,28: 145–177, 1995.

21. Wistuba, I. I., Miquel, J. F., Gazdar, A. F., and Albores-Saavedra, J. Gallbladder
adenomas have molecular abnormalities different from those present in gallbladder
adenomas. Hum. Pathol.,30: 21–25, 1999.

22. Albores-Saavedra, J., Manrique, J. J., Angeles-Angeles, A., and Henson, D. E.
Carcinomain situ of the gallbladder: a clinicopathological study of 18 cases. Am. J.
Surg. Pathol.,8: 323–333, 1984.

3409

b-CATENIN AND BILIARY TRACT CANCER


